Clonidine hydrochloride is a sympathetic inhibitor with central site of action. The antihypertensive effect in man in the supine position is -associated with a decrease in cardiac output and no consistent changes in total peripheral resistance. In the standing position, however, in addition to the decrease in cardiac output, a fall in total peripheral resistance becomes evident. The fall in blood pressure results in no significant alteration in renal blood flow or glomerular filtration rate in the supine position. In the standing position a consistent decrease in renal vascular resistance is seen.
1
Clonidine produces a brief increase in blood pressure followed by a long-lasting decrease associated with bradycardia. 1 Studies in humans have documented the antihypertensive action of the drug and have suggested it to be valuable in the treatment of hypertension.
2Î
t is the purpose of this report to review the pharmacology, hemodynamic effects, effects on renin release, and the clinical efficacy of clonidine. An attempt will be made to assess the current status of clonidine in the management of hypertensive patients.
Pharmacology and Site of Action
In 1966 Hoefke and Kobinger 1 demonstrated that clonidine elicited a biphasic blood pressure response in the anesthetized dog; a brief rise was followed by a long-lasting reduction in arterial pressure associated with bradycardia. A similar response was reported in the rabbit, rat, and cat. 1 -5 In the cat the increase in blood pressure was accompanied by increased contraction of the nictitating membrane. 5 ' 8 These results suggested sympathetic nervous system activation. In the spinal animal the hypertensive effect of clonidine was preserved and prolonged. 5 ' 6 Pretreatment of the experimental animal with reserpine neither diminished the early hypertensive effect nor the nictitating membrane effect of clonidine. 5' 6 In contrast, pretreatment with Chemical structure of clonidine.
phentolamine abolished the early hypertensive response. 6 It was therefore concluded that the initial vasopressor effect of clonidine was due to a direct stimulation of alpha-adrenergic receptors and was not related to the release of catecholamines. 5 ' 6 The prolonged antihypertensive effect of clonidine has attracted the greatest attention in view of the possible therapeutic applications. Kobinger and Hoefke demonstrated that the prolonged vasodepressor effect of clonidine was prevented by pretreatment with reserpine or phenoxybenzamine. In addition, no vasodepressor effect was produced with clonidine administration to the spinal animal.
B-8 Furthermore, experiments with electrical stimulation of sympathetic nerves excluded the possibility of clonidine blockade of the peripheral sympathetic nervous system. 5 These observations suggested that the hypotensive effect was related to sympathetic inhibition but that the site of action was in the central nervous system. The hypothesis of a direct inhibition of the vasomotor centers was tested by Kobinger 5 ' 7 with injection of the drug into the cisterna magna of the anesthetized dog. The small dose of 1 fig/kg of clonidine injected into the cisterna magna resulted in a significant decrease in blood pressure and bradycardia. This effect on blood pressure and heart rate was similar to that observed with the systemic administration of 30 /u.g/kg clonidine. With the intracistemal administration, however, no pressor effect was seen. It was therefore concluded that the antihypertensive and bradycrotic effects of clonidine were due to a direct action on the vasomotor and cardiac centers. The studies of Sattler and Van Zwieten, 8 Sherman and coworkers, 9 and Schmitt and coworkers 10 support these conclusions. In summary, pharmacological studies imply that intravenous clonidine has a brief, direct, alpha-adrenergic stimulating effect followed by a prolonged suppression of the central nervous system's sympathetic centers. Only the latter effect is seen on oral administration of the drug.
Cardiac Effects
In 1966 Hoefke and Kobinger 1 demonstrated that the initial, transient hypertensive effect of intravenous clonidine in the anesthetized dog was associated with a decrease in cardiac output, decrease in heart rate, and increase in total peripheral resistance. The subsequent prolonged fall in blood pressure was associated with a decrease in cardiac output and bradycardia, while the total peripheral resistance returned to control levels.
In 1967 Kobinger and Walland injected clonidine into the cisterna magna 7 and demonstrated that the hypotensive effect was again accompanied by a decrease in cardiac output and a decrease in heart rate. There were no changes in total peripheral resistance. The decrease in cardiac output was secondary to the decrease in heart rate with no change in stroke volume.
Studies in hypertensive patients by Grabner and coworkers 11 showed that acute administration of intravenous clonidine resulted in a fall in blood pressure associated with a decrease in cardiac output. There were no changes in total peripheral resistance, and the stroke volume remained unchanged. Calculated cardiac work was reduced proportionally more than was mean arterial pressure. Schneider and Gattenlohner 12 also studied the cardiac effect of oral clonidine in hypertensive patients. Four hours after drug administration there was a fall in blood pressure, a fall in cardiac output, and a modest decrease in total peripheral resistance. The fall in cardiac output was due to a decrease in both heart rate and stroke volume. Circulation time was prolonged. Vorburger and coworkers 13 investigated the acute effects of intravenous clonidine in hypertensive patients. As previously seen in the animal studies, 1 ' 5-6 intravenous clonidine produced a brief hypertensive response in these patients; a long-lasting decrease in blood pressure followed, During the hypotensive response there was a decrease in cardiac output while the total peripheral resistance did not change. Heart rate decreased by 5 to 7% and stroke volume by 8 Figure 2 .
with a decrease in cardiac output, stroke volume, and heart rate in hypertensive patients. The calculated total peripheral resistance was actually increased. In the above experiments the patients were studied at rest in the supine position. Studies of the acute cardiac effect of oral clonidine (300 to 750 fig) in the supine and upright positions were conducted in our laboratory 1 5 in patients with essential hypertension. In addition, the cardiac effects of passive headup tilting were studied before and after drug administration. After oral clonidine the onset of antihypertensive effect was noted as early as 30 minutes. Significant blood pressure reduction occurred between one and four hours, with the peak effect occurring at two to four hours. Duration of the effect lasted from six to ten hours. Figure 2 shows the cardiac effects in the supine position. Clonidine produced a consistent decrease in mean arterial pressure with an average reduction of 17% (P < 0.01). Cardiac output decreased in every case with an average reduction of 21% (P<0.01). Both a decrease in heart rate (10$) and a decrease in stroke volume (15%) contributed to the reduction in cardiac output. There were no consistent changes in total peripheral resistance. upright position (45° tilt). The reduction in mean arterial pressure (33%, P<0.01) was greater than that in the supine position. The reduction in cardiac output was 15% (P<0.05). The heart rate decreased by 14% (P < 0.05) with no consistent change in stroke volume. In contrast to the supine response, there was a consistent and significant reduction in the total peripheral resistance, with an average decrease of 21% (P<0.02). The upper portion of Figure 4 depicts the cardiac effects of control head-up tilting, i.e., before the administration of clonidine. Passive 45°h ead-up tilting resulted in a 24% decrease in cardiac output, 28% decrease in stroke volume, and a 6% increase in heart rate. There was a 27% increase in total peripheral resistance. This compensatory increase in peripheral resistance mediated by the sympathetic nervous system maintained the mean arterial pressure unchanged in the 45° tilted position. This is the physiological response to upright tilting. The cardiac changes with tilting during the period of maximum clonidine effect are reported in the lower portion of Figure 4 . Passive 45° head-up tilting again resulted in the normal decrease in cardiac output (22%) and stroke volume (20%) and a modest increase in heart rate (5%). In contrast to the control studies no significant increase in total peripheral resistance occurred. This failure of compensatory arteriolar constriction produced a 21% orthostatic decrease in mean arterial pressure.
The effects of chronic clonidine therapy (several weeks) on cardiac output were studied by Schneider in 36 hypertensive patients. 16 The decrease in blood pressure was less marked than in acute studies. After an initial antihypertensive response there was a tendency of the blood pressure to return toward control values. After several weeks of therapy, there was an 11% decrease in total peripheral resistance. It is apparent, however, that the over-all hemodynamic changes were too small to allow definite conclusions. In the same study normal subjects performed ergometer exercise before and two hours after clonidine administration. Exercise heart rate was less after drug administration. Stenberg and coworkers 17 also reported the cardiac effect of bicycle ergometer exercise before and one week after clonidine (sitting position): clonidine did not interfere with the physiological increase in cardiac output and oxygen consumption induced by exercise.
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Renal Effects in Man
The acute renal effects of oral clonidine were studied in our laboratory in seven patients with essential hypertension. 16 Renal blood flow was estimated by the clearance of para-aminohippurate and the hematocrit. Glomerular filtration rate was measured by inulin clearance. Figure 5 shows the acute renal hemodynamic effects of oral clonidine in seven hypertensive patients in the supine position. The blood pressure reduction (17%, P < 0.01) was not associated with any significant alteration in renal blood flow or glomerular filtration rate. Sodium and chloride excretion decreased markedly, while excretion of potassium did not change. Figure 6 shows the acute renal hemodynamic effects of oral clonidine with the patients in the erect position (45° tilt). Despite the substantial blood pressure reduction (33%, P < 0.001) in the erect position, there was no significant change in renal blood flow or glomerular filtration rate. The renal vascular resistance decreased in every case with an average reduction of 30% (P<0.01). During the hypotensive response excretion of sodium and chloride decreased markedly, while there were no changes in excretion of potassium. Figure 7 depicts the renal hemodynamic effects of tilting before the administration of clonidine (control study). Passive head-up tilting resulted in no changes in renal arterial pressure, a 16% reduction in renal blood flow, and a 15% reduction in glomerular filtration rate. Renal vascular resistance increased with tilting. After clonidine administration ( Fig.  7 , lower panel) head-up tilting resulted in a 21% orthostat i c decrease in blood pressure. Despite the orthostatic blood pressure reduction the decrease in renal blood flow and glomerular filtration rate with tilting was the same as that of the control study. In contrast to the control period, tilting during clonidine effect resulted in a decrease in renal vascular resistance.
The effects of the prolonged administration of clonidine on renal hemodynamics of seven hypertensive patients were studied by Bock and coworkers. 3 Administration of oral clonidine for periods from 11 to 110 days produced no significant change in renal plasma flow or glomerular filtration rate. The blood pressure was significantly reduced in every case. Ludwig 18 reported that in hypertensive patients the glomerular filtration rate was slightly decreased after one week of clonidine therapy but returned to the control levels after four weeks. A modest increase in renal plasma flow occurred while the blood pressure was consistently reduced. This again implies a reduction in renal vascular resistance.
Grabner 11 also described minor and inconsistent effects on the clearance of paraaminohippurate and inulin in hypertensive patients administered a single dose of clonidine.
Acute Effect on Renal Hemodynamics and Renin Release in Anesthetized Dogs
The release of renin by the juxtaglomerular apparatus is regulated by several factors, including renal perfusion pressure, sympathet- ic tone, sodium excretion, and possibly distribution of renal blood flow. 19 The sympathetic inhibition exerted by clonidine should result in renin suppression, but any decrease in cardiac output, changes in renal circulation, decrease in renal perfusion pressure, or changes in sodium excretion may modify this effect.
In order to elucidate the action of clonidine on renin release, 12 anesthetized dogs (thiopental) were studied in our laboratory. Intraarterial pressure and heart rate were continuously monitored. The following parameters were determined: total renal blood flow (by para-aminohippurate clearance and extraction), glomerular filtration rate (by clearance of exogenous creatinine), sodium excretion, and renal vein plasma renin activity (method of Boucher). After control determinations these measurements were repeated 10, 45, and 85 minutes after intravenous clonidine. clonidine on renal vein plasma renin activity. A dramatic reduction occurred in every case ten minutes after clonidine administration with an average decrease of 48% (P<0.02). Forty-five and 85 minutes after drug administration renin suppression persisted with an average reduction of 46% and 50% of control, respectively (P<0.02). In Figure 9 the effects on renin are reported together with the effects on blood pressure, glomerular filtration rate, total renal blood flow, total renal vascular resistance, and sodium excretion. The mean arterial pressure was essentially unchanged ten minutes after drug administration. Forty-five minutes after clonidine, however, there was a consistent decrease in mean arterial pressure with an average decrease of 26% ( P < 0.005). Eighty-five minutes after drug administration the average decrease in blood pressure was 33% ( P < 0.005). Changes in glomerular filtration rate were minor. Total renal blood flow showed a 20% decrease at ten minutes, a 19% decrease at 45 minutes, and an 11% decrease at 85 minutes. These changes, however, were not statistically significant. of sodium declined sharply after clonidine. Renal vein plasma activity was significantly reduced at 10 and 45 as well as 85 minutes after drug administration. Figure 10 reports the blood pressure, renal hemodynamics, and renin effect of clonidine injected into the cisterna magna of the dog. The small dose of 1 /*g/kg did not exert any detectable effect when injected intravenously. Intracisternal injection, however, resulted in marked decrease in blood pressure. A moderate decrease in renal blood flow was seen. Renal vein renin activity was markedly suppressed. The timing and the magnitude of renin suppression were similar to the results observed with the systemic injection of 30 fig/kg of clonidine.
Effects en Peripheral Plasma Renin in Man
Studies on the effect of clonidine on peripheral plasma renin activity were conducted in four patients with essential hypertension in our laboratory. After four days on a Supplement constant sodium intake (30 mEq Na/day), peripheral plasma renin activity was first determined by the method of Boucher after nine hours rest in the supine position. A second renin determination was done after 30 minutes at 65° passive upright tilting. After this control study 100 fig of clonidine were administered orally four times a day for four days. Constant sodium intake was continued. After four days of clonidine administration, peripheral plasma renin activity was measured again both after nine hours rest in the supine position and after 30 minutes tilting. The effects of four days of clonidine administration are depicted in Figure 11 . Peripheral plasma renin activity was decreased in every case, both in the supine and in the tilted positions. The blood pressure was lower after four days drug administration in all patients. In Figure  12 a representative case is shown. Administration of clonidine (400 /ig/kg) resultedin a decrease in blood pressure and peripheral plasma renin activity. Sodium excretion remained constant until the third day of drug administration. On the third and fourth days of drug administration, a modest natriuresis occurred.
Clinical Efficacy
Our evaluation of the antihypertensive efficacy of clonidine in the treatment of ambulatory patients with essential hypertension has proceeded in three phases. During the first phase (1968), a group of ambulatory patients was treated with clonidine in doses between 150 and 900 fig/day. Clonidine was used as the sole antihypertensive agent. During the second phase of our investigation (1968), the efficacy of clonidine in combination with the diuretic, chlorthalidone, was studied. Again the maximum dose of clonidine used was 900 /ig/day. Following the reports of Heimsoth and Bock 20 of excellent results with much higher doses, the third phase of our investigation was started in 1969, with doses of clonidine up to 3,600 /ig/day alone and in combination with chlorthalidone.
The first study (1968) included 16 ambulatory patients with resting blood pressure greater than 150/100 mm Hg. They were given placebo medication for at least four weeks. The patients returned to clinic at weekly or biweekly intervals, at which time resting cuff blood pressure was recorded supine and erect. After the control period administration of clonidine was begun in an initial dosage of 75 fxg daily. Thereafter, the dosage was increased at biweekly intervals to a maximum of 900 /u.g/day. Therapy was continued for 12 to 28 weeks. The blood pressure response of these 16 patients treated with clonidine alone is reported in Table 1 . Of the 16 patients treated, three obtained a significant blood pressure reduction* in the supine position, and one of the 16 became normotensive.t When the blood pressure was measured standing, six patients obtained a significant antihypertensive response. Side effects included drowsiness (11 patients), dryness of the mouth (5), and constipation
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•Significant blood pressure reduction = decrease in mean arterial pressure (diastolic plus one-third pulse pressure) of 20 mm Hg or the achievement of normotension. tNormotensive = blood pressure of 140/90 or less.
(1). The drowsiness improved in three patients and cleared entirely in two others. The second investigation included 34 patients with resting blood pressure greater than 150/100 mm Hg who after at least four weeks of placebo were given chlorthalidone alone in a single dose of 100 mg/day. After treatment with chlorthalidone, 20 of the 34 patients continued to have blood pressure consistently greater than 150/100 mm Hg. These 20 patients continued to receive chlorthalidone (100 mg/day), and in addition, clonidine was added to the therapeutic regime. The initial dose was from 75 fig to 150 /ug/day. Thereafter, the dose was increased until satisfactory control of the blood pressure was achieved, or side effects became prohibitive, or a maximum daily dose of 900 /ig/day was reached. The combination therapy was continued for from 20 to 37 weeks. The blood pressure response of these 20 patients treated with chlorthalidone in combination with clonidine is reported in Table 1 . Of the 20 patients treated, 16 (80%) obtained a significant blood pressure reduction* in the supine position, and one of the 16 became normoten- sive.t When the blood pressure was measured in the erect position, 16 patients (80%) obtained a significant blood pressure reduction,* and 2 of the 16 (10%) became normotensive.t Drowsiness, dry mouth, and constipation were the most common side effects encountered. The third investigation with higher doses of clonidine started in 1969. After at least four weeks of placebo therapy, 45 ambulatory patients with blood pressure greater than 150/100 mm Hg were given clonidine alone, starting with 600 fig/day. Thereafter, the dose was gradually increased until satisfactory blood pressure reduction was achieved or the side effects became prohibitive. Maximum dosage employed was 3,600 ^g/day. Clonidine alone was continued for four to eight weeks. The patients who did become normotensive or who had severe side effects with clonidine alone were subsequently given the combination of chlorthalidone and clonidine. The doses of chlorthalidone varied from 60 to 120 mg/day, while the doses of clonidine ranged between 400 and 1,200 /Jg/day. At the time of this writing, 21 patients have remained on clonidine alone, and 21 have remained on the clonidine-chlorthalidone combination for a long enough period of time to justify some clinical conclusion. The blood pressure response of the 21 patients treated with clonidine alone is reported in Table 2 . Of the 21 patients treated with clonidine alone, 12 (57$) obtained a significant blood pressure reduction," and 5 of the 12 became normotensive in the supine position.! When the blood pressure was measured in the standing position, 11 patients (52%) achieved significant blood pressure reduction,* and 3 of the 11 became normotensive.t The blood pressure response, of the 21 patients treated with clonidine-chlorthalidone combination is reported in Table 2 . All 21 patients treated with the combination achieved significant blood pressure reductions* in both the supine and standing positions, and 11 of the 22 (52%) became normotensive.t The side effects were drowiness (33%) and dryness of the mouth (21%). The drowsiness cleared after two to four weeks therapy in 70% of the cases.
Discussion and Conclusions

PHARMACOLOGY
It is now well established that clonidine exerts a biphasic cardiovascular effect: an initial transient rise of the blood pressure is followed by a sustained fall. This response appears to be the same in different species.
1 ' 3 ' 5 6 ' 21 -
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The brief vasopressor effect shows the following characteristics: (1) It is not prevented by pretreatment with reserpine, [5] [6] (2) it is abolished by pretreatment with phentolamine, [5] [6] (3) it is still elicited in the spinal animal, 5 6 and (4) it is accompanied by bradycardia. 1 In addition, clonidine has been found to cause direct constriction of the isolated rabbit aorta. 22 It is concluded, therefore, that the hypertensive effect of clonidine is due to direct sympathomimetic constriction of peripheral arterioles. Contrary to the initial vasopressor effect of guanethidine and bretylium, clonidine does not act by a discharge of catecholamines from the nerve ending but probably by direct alpha-adrenergic receptor stimulation. 5 ' 22 Hemodynamic studies in the experimental animal have shown that the hypertensive phase is characterized by a decrease in cardiac output, bradycardia, and an increase in total peripheral resistance.
The long-lasting antihypertensive phase of clonidine shows the following characteristics: (1) It is inhibited by pretreatment with reserpine or phentolamine, 2 (2) it is absent in the spinal animal, 6 ' e (3) it is elicited by injection of the drug into the cisterna magna, 7 and (4) it is accompanied by bradycardia.
1 '5 It is concluded, therefore, that the most likely site of action of clonidine is at the level of the medullary vasomotor and cardiac centers. 7 -22 Although the experimental evidence supports this conclusion, the ability of the drug to gain access to the subarachnoid space from the circulation awaits final demonstration.
HEMODYNAMICS
Hemodynamic studies in the dog have 
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shown that the decrease in blood pressure is associated with a decrease in cardiac output and no changes in total peripheral resistance. 1-5-7 The decrease in cardiac output is due primarily to a decrease in heart rate with no change in stroke volume.
Hemodynamic studies with human subjects in the supine position have demonstrated a response similar to the one observed in dogs. The decrease in the blood pressure is associated with a decrease in cardiac output and no effect on the total peripheral resistance.
12 "
18
The cardiac output fall is due to a combination of decrease in rate and stroke volume. 15 In the upright position, however, human hemodynamic studies have demonstrated that in addition to the fall in cardiac output, there is a definite decrease in total peripheral resistance. 15 The precise reason for this difference between supine and standing positions is not clear. It may be postulated that clonidine exerts a more potent inhibition of the sympathetic stimuli to the "resistance vessels" during sympathetic overactivity in the upright position. It should also be noted that the peripheral resistance ought to rise in response to drug-induced reduction in cardiac output. 24 This expected compensatory increase in resistance appears to be blocked by clonidine. This last effect, together with the obvious effect on peripheral resistance in man in the standing position, 15 the preservation of muscle blood flow during systemic blood pressure reduction, 25 and the consistent decrease in renal vascular resistance, 15 demonstrates that a major component of the hypotensive effect of clonidine is a decrease in peripheral arteriolar tone.
The clonidine-induced decrease in cardiac output may be theoretically due either to a direct myocardial effect or to a decreased venous return to the right heart. Animal studies have failed to demonstrate any change in myocardial contractility. [26] [27] In vitro studies on isolated hearts have demonstrated no effect on either rate or force of contraction. 22 In man the decrease in cardiac output is not accompanied by any increase in pulmonary pressure 17; furthermore, cardiac response to exercise is preserved after clonidine. 16 ' 17 Finally, total capacity of the circulation is increased by clonidine in the heart-lung preparation. [25] [26] It is logical to conclude, therefore, that there is no evidence of direct myocardial effect and that the decrease in cardiac output is due to a combination, of decrease in heart rate and decrease in venous return resulting presumably from systemic venous dilatation. 25 These conclusions are based on the experimental data from the acute studies available at this time. Long-term hemodynamic effects await further investigation.
The studies of the cardiac effects of passive head-up tilting in man demonstrate that clonidine administration blocks the compensatory peripheral arteriolar constriction normally occurring in the upright position. Peripheral arteriolar constriction in the upright position is mediated by the sympathetic nervous system. This effect of clonidine is therefore in keeping with sympathetic inhibition. Failure of the normal orthostatic reflexes during tilting have been reported with clonidine in the monkey 22 and to a lesser extent in the dog. 22 Failure of compensatory arteriolar constriction results in orthostatic hypotension and has been previously reported with alphamethyldopa 28 and pargyline hydrochloride.
29
RENAL EFFECTS
The acute renal hemodynamic studies in the anesthetized dog demonstrate an initial increase in renal vascular resistance followed by a progressive return to the control levels and subsequently by an actual-decrease. Acute renal hemodynamic studies in man show that renal blood flow and glomerular filtration rate are maintained during the hypotensive response to clonidine. Renal vascular resistance is decreased. Prolonged administration of oral clonidine results in similar preservation of renal plasma flow and glomerular filtration rate.
11 ' 15 > 18 This renal effect is similar to the one previously reported with alpha-methyldopa. 28 The renal hemodynamic effects of tilting appear to be altered by clonidine: the normal increase in renal vascular resistance observed in the upright position in man is abolished. The decrease in mean arterial pressure, seen with tilting under the effect of clonidine, is associated with an actual decrease in renal vascular resistance. It would appear that clonidine preserves the autoregulation of the kidney circulation. The same effect has been reported with alpha-methyldopa. 28 A marked retention of sodium and chloride follows the acute administration of clonidine in both the experimental animal and in man. The retention occurs with a glomerular filtration rate which is usually unchanged but may be increased or decreased. 15 The most likely mechanism of sodium retention is that the decrease in renal perfusion pressure stimulates enhanced tubular reabsorption of sodium. 30 With respect to renin release in the anesthetized dog, intravenous administration of clonidine resulted in a consistent decrease in renal vein plasma renin activity. Ten minutes after drug administration the mean arterial pressure had not changed significantly. Forty-five and 85 minutes after drug administration there was a significant decrease in mean arterial pressure. Decrease in renal perfusion pressure is a known stimulus for renin release.
19 Yet in our present study the clonidine-induced fall in perfusion pressure was associated with a significant decrease in renin release. Renal vasodilatation also results in renin stimulation. In our present study, however, decrease in renal vascular resistance was associated with a decrease in renin release, and the clonidine-induced sodium retention was associated with a consistent decrease in renin release. The most likely explanation of the renin suppression by clonidine is that it is due to sympathetic inhibition. 19 The present study cannot exclude a possibly direct effect of clonidine on the juxtaglomerular apparatus. It is important to note that minimal doses of 1 / i g/kg of clonidine injected into the cistema magna result in the same decrease in renin release. This suggests the possibility of interference with a central mechanism of renin regulation. It is of interest to note that sympathetic inhibition by this drug represented the overriding stimulus for renin suppression. Sympathetic inhibition was capable of overcoming the stimuli to increase renin release exerted by decreased perfusion pressure and alteration of renal circulation. In contrast to the effect of clonidine, Ayers and coworkers 31 demonstrated that other sympathetic inhibitors (reserpine, trimethaphan) produce increases in plasma renin activity in renal hypertensive dogs. Furthermore, sodium nitroprusside, 32 diazoxide, 33 and hydralazine 34 have each been shown to increase plasma renin activity in normotensive or hypertensive subjects or dogs. The renin release stimulation by these drugs is presumably due to the reduction in renal perfusion pressure. Only alpha-methyldopa has been reported to decrease plasma renin activity while activating a known stimulus for renin secretion, i.e., a decrease in mean arterial pressure. 35 The suppressive effect of clonidine on renal release described in the anesthetized dog was confirmed in patients with essential hypertension to whom the drug was administered for four days. These results are entirely similar to the results observed with alpha-methyldopa. 35 The observation that clonidine can decrease plasma renin activity raises the possibility that this effect may also contribute to the antihypertensive efficacy of the drug. The possibly therapeutic implication of the effect of clonidine on renin remains speculative at this time.
CLINICAL USEFULNESS
Various clinical trials have demonstrated the antihypertensive efficacy of cloniOur first study in 1968 15 demonstrated that clonidine alone at doses between 400 and 900 fig/day produced only a modest clinical effect. Our second study in 1968 15 showed that the combination of clonidine-chlorthalidone is much more effective. Although evaluation of comparative efficacy of antihypertensive agents is difficult, a rough comparison may be attempted if the study is conducted in the same laboratory and with the same criteria. During the past few years guanethidine, 36 pargyline, 37 and alpha-methyldopa 
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been evaluated in our clinic in the same hypertensive population and with the same criteria of effectiveness. A comparative impression will, therefore, be attempted.
The combination of clonidine-chlorthalidone with doses of clonidine not higher than 900 fig/ day gave us significant aritihypertensive response in 80% of the patients treated in both the supine and standing positions. The results in supine position appear to be superior to those observed with the combination of guanethidine-hydrochlorothiazide (52%) ,"• a7 pargyline-hydrochlorothiazide (*36%), 15 -37 and alpha -methyldopa -hydrochlorothiazide (63%). The results obtained with our most recent investigation are interesting because of the higher doses used without greater side effects. It is noteworthy that the combination of clonidine-chlorthalidone is now producing "significant blood pressure reduction"* in all the patients treated. It is of particular importance that the satisfactory response is obtained in both the supine and standing positions. Although our acute hemodynamic studies have demonstrated orthostatic hypotension, there is no significant difference between supine and standing pressure in the patients on long'term therapy. The results observed with clonidine alone in higher doses (up to 3,600 /ng/day) are superior to those observed with guanethidine, 36 pargyline, 37 and alpha-methyldopa 38 used alone. A definite advantage of clonidine is the same antihypertensive effect in the supine and standing positions. The results with the combination of clonidine-chlorthalidone (with clonidine doses up to 1,200 fig/day) are very encouraging. The blood pressure is reduced in both the supine and standing positions. There is no orthostatic hypotension. Drowsiness and dry mouth are serious side effects. The drowsiness, however, decreased markedly in 70% of the cases after three to four weeks of therapy. Thus, it is very important that the patients are counseled regarding this side effect and its transient nature. There has been no evidence of unusual toxicity. 15 Prompted by the work of Dr. Bock in Germany, we administered clonidine intravenously in three patients with acute hypertensive crisis. The pressor reaction almost killed all three. Intravenous clonidine administered to such patients is followed by a purely pressor response; no depressor effect is noted. When clonidine is administered intravenously to patients with chronic, long-standing hypertension-not in the accelerated phase, a short pressor response lasting one to two minutes is followed by a prolonged fall in arterial pressure lasting six to eight hours. It would seem, therefore, that clonidine should not be administered intravenously to patients with accelerated hypertension.
We have just completed a double-blind study comparing clonidine plus chlorthalidone with methyldopa plus chlorthalidone over a two-year period. There were no significant differences in the two groups from the blood pressure standpoint. The side effects in both groups, drowsiness and dry mouth, were also similar. The side effects were less in the clonidine group during the second year of study, however. I was amazed to hear that you could give such enormous doses of clonidine without putting the patient to sleep.
Dr. Gaddo Onesti, Philadelphia, Pennsylvania: Thank you, Dr. Finnerty. I know that the short, initial hypertensive effect observed in the experimental animal with intravenous clonidine is also present in man. I also know, however, that with intramuscular or subcutaneous administration this hypertensive effect is not present, while the prolonged fall in blood pressure persists. For this reason there is a potential usefulness of intramuscular or subcutaneous clonidine in hypertensive emergencies. I would like to stress that with oral administration (even with high doses), there is no hypertensive phase.
As far as the drowsiness is concerned, I agree that this remains a problem in a number of patients. It is important to recognize, however, that the drowsiness is only transient in many cases. If the patient is warned about this side effect and its transient nature, it is possible to continue the drug in many instances.
